Objectives: To assess the tolerability and survival outcome of curative radiotherapy in patients over the age of 85 years.
Results: 327 treatment courses met eligibility criteria. The median age of patients was 87 years. The most common treatment sites were pelvis (30%), head and neck (25%), and breast (18%). The Eastern Cooperative Oncology Group performance status (ECOG PS) score was 0 or 1 for 70% of patients. Overall, 79% of patients completed the prescribed treatment without poor treatment tolerability, and 95% of patients completed all treatment. Only unfavourable ECOG PS score (odds ratio [OR] , 1.80; P = 0.005) and increasing age (OR, 1.18; P = 0.018) predicted poor treatment tolerability. ECOG PS score predicted overall survival (hazard ratio, 1.53; P = 0.001).
Conclusion: Age should not be the sole discriminator in decisions to prescribe aggressive loco-regional radiotherapy. ECOG PS score predicts for treatment tolerability, and also overall survival. The risk of cancer death was higher than non-cancer death for more than 5 years after treatment.
Tolerability and outcomes of curative radiotherapy in patients aged 85 or more years 1 It is well recognised that older patients are underrepresented in clinical trials.
2-8 Older patients may be excluded from clinical trials because they tend to have high numbers of comorbid conditions, or because of a perception that they are unable to tolerate aggressive treatment. 5,9 Populationlevel data show that older patients with many types of solid tumours are less likely to receive aggressive therapy, 10-12 which may result in poorer outcomes.
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Our primary aim in this study was to document the tolerability of radiotherapy given with curative intent in patients aged 85 years and older.
Methods
This retrospective study was approved by the Peter MacCallum Cancer Centre ethics review committee (study 13/21).
Participants
Eligible patients included those aged 85 years and over who received curative radiotherapy at any Peter MacCallum Cancer Centre site between 1 January 2000 and 1 January 2010. Treatment was delivered in three metropolitan Melbourne sites, and one regional location (Bendigo). Patients must have received a dose of at least 25 Gy to be included. Adjuvant radiotherapy or chemoradiation treatments were included. All presentations for non-metastatic cancers were included, except those for simple skin cancer treatments.
Data collection
For each patient, age, unadjusted Charlson comorbidity index (CCMI) score, Eastern Cooperative Oncology Group performance status (ECOG PS), and the type of malignancy were retrieved retrospectively. When calculating the CCMI score, the tumour diagnosis being treated was excluded from scoring. We proposed that increasing CCMI score might correlate with poor treatment tolerability. 13 Radiation treatment details, including radiation dose and fractionation, the extent of treatment (primary, lymph node basins, or both), treatment body site and delivery of concurrent chemotherapy were available from electronic treatment records. The extent of treatment and treatment body site were grouped into categories that reflect the rigours of completing each course. If the radiation dose-fractionation was altered because of physician concerns about a patient's ability to tolerate the standard radiation treatment, this was termed "altered fractionation".
Poor treatment tolerability was defined as any instance of an interruption to or break from treatment, hospital admission from any cause, or early cessation of radiation treatment for any cause. The cause of each instance of poor treatment tolerability was assessed and assigned as either treatment-related or non-treatment-related.
Linkage with the Victorian Cancer Registry (VCR) facilitated high fidelity national-level mortality information. Overall survival was measured for all patients included in the VCR, and was measured from the first radiotherapy fraction. A closeout date of 31 December 2011 was used, as VCR survival data are complete up until this date. All patients without a recorded death date before the closeout date were considered alive on that date. All patients were censored at the closeout date.
Statistical analysis
The statistical package R, version 3.0 (R Foundation for Statistical Computing; http://www.R-project. org) was used for statistical analysis. Quantitative variables were described using summary statistics. Poor treatment tolerability was described using counts and percentages, with 95% confidence intervals calculated using exact methods. Logistic regression was used to evaluate the impact of possible prognostic factors of poor tolerability. Overall survival and cancer-specific survival were estimated using Kaplan-Meier methods with 95% confidence intervals. As patients with more than one cancer diagnosis were included in the study, cancerspecific survival was measured in respect to the cancer being treated during the study period. Cox proportional hazard models were used to test whether ECOG and CCMI were associated with overall survival. ECOG and CCMI were treated as ordinal variables. Cumulative incidence curves for cause of death were provided assuming competing risks. Median follow-up was calculated using the reverse Kaplan-Meier method with 95% confidence interval.
Results
Between 1 January 2000 and 1 January 2010 a total of 327 radiotherapy courses were delivered to 325 patients who met our inclusion criteria. In two courses, information regarding treatment breaks could not be retrieved. The baseline patient and treatment characteristics for the study population are available online (Appendix 1). The most common sites treated were pelvis (30%), head and neck (25%), breast (18%) and thorax (13%). The 10 most common diagnosis groups and prescribed total radiation dose and fractions are available in Appendix 2.
Tolerability analysis
Poor treatment tolerability was observed in 70 patients (21%; estimated 95% CI, 17%-26%). Only 16 patients (5%) ceased treatment prematurely. The characteristics of treatment tolerability are described in Appendix 3.
Univariate analysis of the predictors of poor treatment tolerability showed that only unfavourable ECOG PS scores before treatment commencement predicted poor treatment tolerability (odds ratio [OR], 1.73; P = 0.001). Rates of poor treatment tolerability for patients with ECOG PS scores (higher scores indicate poorer performance) of 0, 1, 2 and 3 were 16% (16/97), 15% (20/132), 49% (18/37) and 33% (5/15), respectively. We also analysed ECOG PS score as a categorical variable, reflecting clinical practice, of patients with "good" PS (ECOG score 0-1) and "poor" PS (ECOG scores 2-3). On multivariate analysis, ECOG PS score remained statistically significant (OR, 1.80; P = 0.005; 95% CI, 1.23-2.69), and increasing age was found to be a statistically significant predictor of poorer tolerability (OR 1.18; P = 0.018; 95% CI, 1.04-1.34). Because of the small number of patients with a ECOG PS score of 3, the multivariate analysis was repeated with ECOG PS scores grouped as described above, and again only ECOG PS remained significant (data not shown). The Box shows the results of the univariate and multivariate analyses.
Survival analysis
Registry-level survival data were available for 97% of the patient cohort (314/325). Survival estimates for 1, 3, 5 and 8 years were 81.2%, 52.7%, 38.1% and 20.2%, respectively. The Univariate and multivariate analyses of factors associated with poor tolerability of radiotherapy in 325 patients aged over 85 years overall survival curve can be viewed in Appendix 4. Cancer-specific survival estimates at 1, 3, 5 and 8 years were 87%, 66%, 56% and 44%, respectively. The median follow-up period was 6 years (95% CI, 5.1-6.6 years) and median survival was 3.3 years (95% CI, 2.7-4.1 years).
Cause of death was available from the VCR in all but two cases. The competing risks analysis (312 patients; Appendix 5) showed that the risk of cancer-related death exceeded that of death from other causes.
Five-year overall survival decreased with unfavourable ECOG PS (overall survival estimates with PS of 0, 1, 2 and 3 were 53%, 33%, 22% and 8%, respectively). Increasing ordinal ECOG PS scores correlated significantly with poorer overall survival (hazard ratio [HR], 1.53; P = 0.001; 95% CI, 1.29-1.81). Figures describing overall survival curves by ECOG PS score are available in Appendix 6. Increasing CCMI was also associated with poorer survival outcome (HR, 1.16; P = 0.023; 95% CI, 1.02-1.31).
Discussion
In this large cohort study of elderly patients treated with curative radiotherapy, our primary objective was to assess the tolerability of highdose radiotherapy. Our data show that, with judicious patient selection, patients over the age of 85 years can tolerate aggressive radiotherapy regimens. The treatment completion rate of 95% was higher than in other cohort studies with less stringent entry criteria. [14] [15] [16] The limited number of existing publications often included low numbers of elderly patients 17 or were small, [14] [15] [16] included palliative treatments, [14] [15] [16] or were limited by short follow-up time. 16 The outcomes of our study may be affected by selection bias and inclusion of the "well" old; 70% of the patients in our study had an ECOG PS score of 0 or 1 and 72% had a CCMI score of 0. In contrast, a study of comorbid conditions in patients with breast cancer who were over the age of 80 years found that only 35% of patients were free of common comorbid conditions. 9 Such selection bias is difficult to avoid as it may begin before patients are referred by treating doctors to be considered for radiotherapy. That is, treating doctors may not refer frailer patients on the presumption they will not tolerate treatment, when, in fact, they may have proceeded through radiotherapy without problems. Referring only relatively fitter patients who are more likely to tolerate side effects may create undertreatment biases.
In our cohort of patients, 22% were prescribed alternative dose-fractionation radiotherapy courses, which are easier for patients to tolerate because there are a smaller number of fractions. We included these patients, as excluding a poor prognosis group from analysis would have introduced further selection bias. On balance, altered fractionation was included in the multivariate analysis of predictors of poor treatment tolerability, and was found not to predict poor tolerability. As frail patients are often offered altered fractionation regimens that are easier to tolerate, treatment tolerability was preserved.
ECOG PS is related to the concept of geriatric "frailty", which defines the progressive age-related loss of selfmanagement skills. Frailty is also associated with poorer outcome after other health interventions.
18 Among patients for whom radical treatment is contemplated, we found that ECOG PS score predicts both tolerability and survival. ECOG PS thus remains a useful predictive factor despite its lack of granularity. Ideally, a formal comprehensive geriatric assessment (CGA) 19 should be used as pre-treatment assessment. The CGA has been shown to predict survival 20 and the incidence of side effects 20, 21 and, most importantly, to change clinical treatment decisions.
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This study reinforces the findings of the limited literature describing the favourable tolerability of radiotherapy in very elderly patients. It is perhaps incorrectly perceived that a high rate of natural attrition in this age group lessens the need for longterm cancer control. We challenge this assumption; the median survival in our study was 3.4 years, which is shorter than the life expectancy for an 87-year-old Australian (6.2 years for men and 7.2 years for women).
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In summary, loco-regional radiotherapy is well tolerated by older patients with cancer. Patients of advanced age whose performance status is good should still be referred to be assessed for treatment.
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